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The BRACCIA Project: towards a 
new generation of depth-of-
anæsthesia monitors 
 
BRACCIA (Brain, Respiration and Cardiac Causalities in Anaesthesia) is an EC-funded research programme to explore the 
interactions of respiratory and cardiac rhythms with each other and with neuronal waves in the brain. The intention is to investigate 
how these interactions change during anaesthesia, and to reach an understanding of the changes. The long-term hope is that the 
work will provide the basic understanding to pave the way for the design of a new kind of depth-of-anæsthesia monitor. 
 
 
by Dr Aneta Stefanovska and Prof. Peter VE McClintock 
 
The project originated from the observation that synchronisation between the breathing and heart rhythms for rats becomes much 
more pronounced under anaesthesia [1]. Rather than the occasional episodes of synchronisation that occur in the waking state, the 
synchronisation was almost continuous and the synchronisation index (here the number of heartbeats per breath) varied in a 
reversible way with the depth of anæsthesia. 
 
Subsequently, it became possible to use sophisticated analyses of ECG and respiration data to determine the direction of the cardio-
respiratory interaction – i.e. the causal connections between them. These too were found to vary with the depth of anæsthesia. In 
deep ketamine-xylazine anæsthesia breathing drives the heart, but in shallow anæsthesia the direction reverses, as shown in Figure 
1. 
 
The central aims of BRACCIA are to establish whether or not similar changes occur in humans under anæsthesia, to investigate the 
effect of different anæsthesia modalities, and to carry out more detailed studies in rats. Coordinated by Dr Aneta Stefanovska 
(Lancaster University, UK), the programme involves human experiments by clinical anæsthetists in the Royal Lancaster Infirmary, UK 
and in Ulleval Hospital Oslo, Norway. The additional experiments on rats are in progress in Ljubljana, Slovenia. Methods of extracting 
the directionality of the interactions are being developed at the University of Potsdam, Germany and the Institute of Computing in 
Prague, Czech Republic, and modelling of the system as coupled oscillators is under way in Lausanne, Switzerland and Lancaster, 
UK. 
 
In addition to heart and respiration, BRACCIA also considers a third class of rhythms, namely brain waves extracted from EEG 
recordings. Possible synchronisation and directionality of interaction are being analysed for both the cardio-respiratory and neuronal 
oscillations of the brain. Hence, the acronym ‘brain, respiration and cardiac causalities in anæsthesia.’ 
 
 
Progress to date 
 
The present status of the project is that: the necessary equipment has been designed and built, especially the Cardio and Brain 
[deleted and] Signals signal-processing unit [Figure 2]; the practical aspects of the theory of coupled oscillators and the estimation of 
directionality of coupling have been elaborated [2], the protocols for the experiments on rats and humans have been agreed; data are 
being recorded; the first results [3, 4] have been published; and the first comments received [5].  
 
In [4] we have presented analyses of interactions between neural (EEG), respiratory and cardiac oscillations in rats anæsthetised with 
ketamine and xylazine or with pentobarbital, agents that are commonly used in neuroscience investigations.  We have shown that for 
both groups the respiration drives the cardiac oscillations during deep anæsthesia and that the transition from deep to light 
anæsthesia is accompanied by an increase in θ-wave activity. With ketamine-xylazine, the cardio-respiratory interaction either 
reverses or becomes negligible; with pentobarbital the interactions become weaker during light anæsthesia without other observable 
changes. These findings, based on application of complex tools from non-linear dynamics and information theory, provide a detailed 
characterisation of the anæsthetic state. Similar analyses have been performed on humans with one of the anæsthesia modalities as 
planned within the project, with highly intriguing results that are now being prepared for publication. 
 
The project is planned to run until the end of 2008. One of the expected results of the project is a protocol for a multicentre study, we 
hope funded by the EC FP7 programme. The proposal for this study will be prepared during the first half of 2008, and we would 
welcome interested clinicians and researchers to join us in the second stage of this very interesting and promising project. For further 
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